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I . INTRODUCTION 
Biliary fistulas are extensively u8ed in physiological 
and pharmacological studies of bile and its c onstituents . 
In human medicine , biliary fistulas have been used in surgical 
conditions involvin g the gall- bladder and the extrahepatic 
biliary system. The major ity of the bil iar y fistulas used 
in experimental work on animals were of a compl icated nature, 
which req uired e l aborate surgical procedures and special 
materials. 
The purpose of this study was to establis h a controlled 
biliary fistula in the sheep . 
The choice of sheep as an experimental animal in surgery 
is growing rapidly . The economy of purchasing , f e eding and 
main taining of the sheep makes it a us eful animal f or many 
types of experimental biological studies . The temperament 
of the animal makes i t easy to ha ndle , feed, and maintain 
with a min imum of labor . Sheep t olel"'ate implanted tubes or 
cannulas more than other animals, therefore , danger of 
mut ilation i s decreased . 
Bi l iary fistulas were obtain~d by exteriorizing the 
papilla of Vater by three stages of operative procedures in 
dogs . Rubber tubes, Tygon tubes and polyethene tubes we r e 
also used in different animals with various operative 
techniques to establish a biliary fistula . 
The b il iary fistulas are utilized for the quantitative a nd 
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qualitative studies of various bile constituents . The action 
of various chol agogues and choleretics can be eval uated by 
the util ization of this method . More information on the 
physiol08Y of l iver and bile formation coul d be obtained by 
modifications of the bil iary fistulas . 
Fasciol iasis is one of the major parasitic problems in 
sheep all over the world . The need for study of this 
probl em stimulated the author to develop a simp l e method in 
which the bi l e f l ow could be exteriorized by the use of two 
tubes which coul d be connected and disconnected whenever 
desired . This method could be utilized in further studies 
of this prob l em i n regard to action of new drugs or the 
study of certain facets of the life cycle of the parasites in 
the bile ducts . 
Whi l e carbon tetrachloride is extensively used in the 
treatment of fascio l iasisJ the author did not find information 
in the medical literature stating whethe r or not carbon 
tetrachloride is excreted in the bile of sheep . Thus after 
establishing the biliary f istula J the study of the excretion 
of carbon tetrachl oride in bile could be commenced by 
administrating the agent and then obtaining bile samples for 
chemical analysis . 
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II . REVIEW OF LITERATURE 
The use of a controlled biliary fistula in the sheep 
was intended for the study of excretion of carbon tetr a -
chl oride in bile in this experiment . 
According to Rous and McMaster (1923 ) , the use of a 
biliary fistula for the collection of bile from conscious 
animals goes back to 1844 whe n Schwann described the 
fistula method which is still employed in studies of bile . 
Also, he mentioned t hat Dastre in 1890 kept a tube in the 
fistulas of t wo dogs for more than two years with dail y 
collection of bile int o a bag suspended at the nec k . 
For the permanent steril e drai nage of bile i n dogs, 
Rous and McMaster (1923) l igated the cystic duct and 
cannul ated the com:non duc t with a blacl< rubbe r tubing . '11he 
tube was exteriorized through the abdominal wal l to collect 
bile into a rubber bag . 
Since then, more complicated surgical procedures have 
been used for the establishment of biliary or pancreatic 
f istulas i n animals and human beings . T- tubes were used and 
are still in us e for the drainace of bile . The horizontal 
bar of the tube is placed i nto the bile duct, whi le the lonB 
arm is passed throuGh the abdominal cavity and fixed to the 
skln (Judd and White , 1928 ) . 
J ohn Baldwin et al . (1966 ) placed a specially desit;ned 
T- tube in the common bile duct to insure the total collection 
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of bile . This tube had a circular outer balloon and a 
small flap valve which could be inflated by the injection 
of air through a separate tube attached to the long arm of 
the T, thus obstruction of the distal end of the tube and 
common bile duct was accomplished . By this method the 
reverse flow of bile could be blocked whenever desired and 
bile could be collec ted through the long arm of the special 
tube. 
Puestow (1931) in his studies on the discharge of bile 
into the duodenum of dogs, used three operative stages to 
exteriorize the papilla of Vater. First he dissected the 
pyloric end of the duodenum closing the entrance of the 
latter, and making an end-to- side anastomosis of the stomach 
to the jejunum . Three weeks later he isolated the pan-
creatic duct, . incised it close to the duodenum, then the 
pancreas was separated from the duodenum to allow the latter 
to be brought under the skin. The third stage consisted of 
the dissection or the duodenum between the pancreatic 
pap i lla and the papilla of Vater . The sides of the duodenum 
were sutured to the skin, exposing the common bile duct . 
In the study of collection of pancreatic juice in the 
conscious sheep, Taylor (1960) ligated the common bi l e duct 
proximal to the entrance of the pancreatic duct. The gall-
bladder was connected to the jejunum. An oblique -to~side 
anastomosis of the jejunum to the duodenum was performed and 
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the latter was c annulated opposite the papilla of Vat er, 
which was exteriorized through the body wall . 
Two Tygon tubings were used by Cohen (1960 ) to establish 
a bile return system in the dog . The c ommon bi l e duct was 
ligated, one tube was introduced into the gall - bladder, while 
the second was placed into the d uodenum . Those tubes were 
exteriorized through the abdomi nal wall and connected . 
Berci and J ohnson (1965 ) i n the functional s tudies of 
t he extrahepatic biliar y system in the dog inserted an 
acryl i c button into the gall- bladde r and to t he button a 
pol yethe l ene tube was attached . To the other end of the 
tube, an L shaped tube was connected and exteriorized through 
the abdominal wall . Th~s external opening of the tube was 
seal ed with a screw- cap . 
Mar lcowi tz et a l . (196L~ ) in their exnerimental surgery -- -
book discuss ed the surgery of the biliary system in detail. 
Oberhelman (1957) described the surgical techniques and 
considerations of gall - bl adder and ex trahepatic bi l e ducts 
extensive l y . 
Carbon tetrachloride is a colorless, clear , non -
flammab l e heavy volat i l e liquid with a characteristic odor . 
It is pr epared commercially by chlorinati ng carbon disulphide 
or methane . It was discovered by the French physician 
H. V. Regnaut i n 1889 (Hardin , 1954 ) . 
Smith in 1867 used carbon tetrachloride as an analgesic 
and anesthetic on 52 patients sufferin; from headache, 
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toothache, cancer pain, etc. However, the side effects and 
toxicity of carbon tetrachloride discouraged its use as an 
anesthetic. 
Hall in 1921 published his work on the potency of carbon 
tetrachl oride as an anthelmintic in dogs for hookworms. 
Allen (1922) studied the efficiency of carbon tetra-
chl oride against hookworms in the silver black fox and 
reported a 93 percent efficiency. One year after Hall' s 
r eport , Leach (1922 ) used .it extensively in the treatment of 
human hookworms . The anthelmentic use of carbon tetra-
chloride in human medicine did not last l ong due to the 
occasional mortalities reported i n the l iterature (Hardin, 
1954) . 
Montgomerie (1926) emp~oyed carbon tetrachloride in 
the treatment of l iver rot (fasciol iasis) of sheep . A 
single dose of one ml. in soft gelatine capsule was used for 
a 140 pound sheep affected with l iver rot. Because of its 
efficacy and inexpensiveness, carbon tetrachloride has been 
the medicine of choice throughout the world for the treat-
ment of fascioliasis in sheep, even though it is a toxic 
agent and may have as much as nine percent mortal ity asso-
ciated with its use (Setchell, 1962) . Carbon tetrachloride 
is stil l superior to the less toxic hexachl?roethane in the 
treatment of fascioliasis, a world wide parasitic prob l em 
(Kuttler et al. , 1963). 
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The fat solvent property of carbon tetrachloride has 
made it useful in dry c l eaning . It is used extensively in 
i ndustry in the prod uction of freons which are us ed as 
r ef r igerants . Being nonf l ammabl e, it is uced as a fire 
e xtinguisher . 
In the United States, 11 million pounds of carbon 
tetrachloride was manufactured at 1923, this tripled by 1930 
and in 1951, the production was 224 million pounds 
(Hardin, 1954) . 
Although determination of the pathogenicity and 
toxicity of c arbon tetrachloride was not the purpose of 
this experiment , citation of a few important publications 
reviewing carbon tetrachloride toxicity seems per tinent 
at this point. 
Lehmann and Flury (1943) and von Oettingen (1955) have 
given a n excel lent re view of carbon tetr achloride toxicity 
i n their books, while Hardin (1954 ) r eviewed the medical 
l iterature on carbon tetrachloride thorou~hly . 
The pathological action of carbon tetrachl oride , 
according to Gallagher (1961 ) is manifested i n an i ncreased 
permeability of the l iver cell membranes, and decreased l evels 
of intercellular respiratory co- enzymes . He also desc r ibed 
mitachondrial injury as we l l as fatty degeneration in l iver 
cells . 
According to Nielsen and Larsen (1965 ) in addition to 
l iver dama~e occurring with carbon tetrachlori de poisoni ng , 
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there is a l so renal damage manifested as degeneration of 
tubular epithelium causing acute renal fai lure. 
Robbins (1929 ) stated that the absorption of carbon 
tetrachloride from the gastrointestinal tract increases 
with the i ngestion of fat and alcohol . He found that t he 
bone marrow absorbs five times the carbon tetrachloride as 
compared to the l iver , pancreas or the brain . The majority 
of carbon tetrachloride absorbed was e l iminated through 
the l ungs . He did not detect e l imination in the urine . 
Mccoll ister et a l. (1951) stated that monkeys inhal i ng a 
vapor containing 46 p .p . m. of c14 l abe l ed carbon tetra-
chloride could absorb about 30 percent of the vapor . The 
highest concentration of the radioactive material de -
posited in the tiss ues was found in the fat which had a 
distribution ratio of 7 .94 with blood taken as one . They 
also found that 50 to 60 percent is exhaled through the 
lungs during the first six hours after administration of 
carbon tetrachloride . Only a minor portion is excreted in 
the stool and urine . 
Kondos and McCl ymont (1961) stated that blood l evel s 
of carbon tetrachl oride in sheep wi ll reach a pealc of 
15 to 20 pg . /ml. when administered eight ml . of carbon 
tetrachloride intraruminally within 15 to 30 minutes, the 
leve l declines to undetectible l evels of five µg . /ml. -in 
four to five hours . On intramuscular administration of the 
same dose of carbon tetrachloride, the peak blood l evel of 
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ten pg./ml . was reached i n four hours. 
von Oettingen (1955 ) stated that carbon tetrachloride 
is readily absorbed by the lungs and more slowly from the 
gastrointest i nal tract; he also stated t hat the amount of 
absorbed carbon tetrachloride was increased in the gastro-
intestinal trac t with the ingestion of alcohol and fat . 
Tikhonov and Ayunov (1964 ) stated t hat carbon tetra-
chloride injected intramusculary in a dose of 0.3 ml . /kg . 
of body weight to sheep resulted i n a decreased bile secretion 
for five hours . The maximum effect occurred duri ng the 
third hour. 
Bol lmann and Mann (1936) reported that the formation 
but not the destruction of bile salts in the liver decreased 
wi th carbon tetrachloride administration . 
Brednow and Jensen (1929 ) were unable to detect carbon 
tetrachloride in the bile of dogs and rabb its , while they 
were ab l e to detect it in the liver. 
Detection of carbon tetrachloride in biological material s 
is similar to the detec ti on of most chlorinated hydrocarbons. 
Fu jiwara (1916 ) described a method for the detection of 
chloroform in the blood, he stated that the reaction between 
chloroform and pyridine in an alkaline media gives a red 
colored pyridine layer which could be measured coloro-
metrically. 
The methods descri bed for the detection of carbon 
tetrachloride by Habgood and Powell (1945), Alford (1947 ), 
--- ----------------------------~---il115*11i~~M5iilllllllllamllllllll~~~  
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Weber (1941 ), Powell (1945 ), Spain and Frey (1951) , Burke 
and Southern (1958), Kondos and McCl ymont (1959) , and Leibman 
and Hindman (1964) are all modifications of the Fujiwara's 
a l kaline pyridine reaction . 
Conway ' s microdiffusion technique was adopted by 
Burgen (1948) in estimation of chloroform i n the b l ood . This 
method coul d be used also in the detection of carbon tetra-
chl ori de . 
Gas chromatography was used by Curry et a l. (1962 ) 
i n dete rmination of carbon tetrachl oride from bl ood samples. 
This is a rapid a nd simpl e method in which the toxicol ogically 
signif icant concentrat ion can be detected by comparison 
with control samples . 
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III. METHODS AND MATERIALS 
A. Surgical Proc edures 
1 . General considerations 
The age, sex, breed and body weight of ten sheep used 
in this experiment were not taken into consideration . A 
physical examination was carried out on them to determine 
thei r state of health , and other than a mi l d parasitic infes-
tation with gastro~ntestinal ne matodes, they w2re in good con-
dit i on . Thi abendazole 1 was used to deworm the aninals . A 
suspens i on of t1.l/O g r ams of the drug in one ounce of water was 
administered to each sheep individually by a standard dosing 
syring e . 
The sheep were fed on good quality alfalfa hay prior 
to surgery . Fresh water was available at all times . They 
were kept indoors in groups of four in each pen . Each 
individual was kept alone after sureery to facilitate care 
and handling . In addition to alfalfa hay a concentrate 
containin~ corn, oats, soybean meal, linse ed meal, dical-
c ium phosphate , trace mineral salts , vitamin A and vitamin D 
was fed to the animals undergoing study . After a few days of 
post surgical ob servation of the biliary flow and the general 
condition of the animals , car bon tetrachloride was adminis tered 
and bil e samples were ob tained at hourl y i ntervals for 
1Thiazol e . Mcrclc Chemical Division, Merck & Co . , Inc . , 
Rahway , New Jersey . 
.. . . •=·e··e••&••••.._. 
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chemical analysis. 
2. · Materials 
Ten sheep were used in this experiment to establish a 
controlled biliary fistula to study the excretion of carbon 
tetrachl oride in bile . 
1 Two 25 cm. long size 10 French oxygen catheters were 
used to exteriorize the flow of bile from the common bile 
duct (Figure 1) . Each tube is provided with eight alternating 
perforations extending 2 . 5 cm . from a smoothly molded distal 
tip to assure uninterrupted flow of bil e . On the other end, 
there is attached a solid multiple- fit connector which can 
be connected with larger size tubes or a syringe for aspira-
tion or injection . The solid adaptor end has three rings 
which help in placing sutures around the tube to fix the 
latter to the skin. 
A 12 gauge seven cm . long needle was attached to a one 
mete r long plastic tube to be used in the evacuation of 
the accumulated gases from the rumen~ 
3 . Anesthesia 
The first five sheep used in this experiment were 
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anesthetized with pentobarbit al sodj_um. Twenty minute s prior 
1 Pharmaseal Laboratories, Gle ndale 1, California . 
2 Pento- sal: Aljen Ve teri nary Supply Company, Brookl yn, 
New Yorlc. 
I 'I I 
I 1 
Figure 1. The two 25 cm . l ong tubes and the one seven 
centimeter l ong tube used to exteriorize 
the common bile duct in the sheep . The 
syringe and test tube are used in the 
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to surgery four mg . per 50 kg. bod y weight of atropine 
1 
sulfate was injected subcutaneously as a preanesthet ic agent 
to dec rease broncheal secretion and salivation . 
Pentobarbital sodium was g i ve n in a rate of 25 mg . per 
kg . body weight intravenously, one-half of t he calculated 
dose was given rapidly . Af ter a pause f or one minute, the 
second half was g iven slowly unti l satisf ac t ory anesthetic 
l evel was ob t ained. Palpebral and pupillary reflexes were 
used as a criterion for the depth of anesthetic level . It 
is judicious to employ endotracheal intubation with general 
anesthetics in ruminants . It provides an open air passage 
and prevents asphyxia from inspiration of sal i va or regurgi -
tated ingesta. 
Immediately after induction of anes t hesia with pento-
barbital sodium the she ep was placed on the operat i ng table . 
When the jaw muscle s were relaxed an assistant opened the 
mouth and pulled the tong ue to one side. At the same time 
the head was extended baclcward as far as possible . A numbe r 
10 Magill e ndot rac heal catheter was used to intubate t he 
trachea . The catheter was he ld with the right hand and 
int roduced into the mouth . The left hand was used to palpate 
the catheter as it passed i nto the l arngeal region . The 
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catheter has a tendency to glide easily into the esophagus , 
thus the esophagus was located and the catheter was pulled out 
1Atropine injectable, L.A.: Fort Dodge Laboratories, 
Inc ., Fort Podge, Iowa . 
· · ~ 
, 
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whil e compression was appl ied by the thumb and forefinger to 
the esophageal inlet to occlude it and in the same time to 
direct the catheter into the trachea . The catheter was 
gent l y rotated and pushed forward int o the trachea . The sof t 
nature of the trachea i n the sheep facilitates pal pation of 
the catheter inside . 
The cuff of t he catheter was inflated with a syringe , 
and the i nflation tube was clamped with a hemostat . The 
passage of a ir through the catheter was checked by feeling 
the air c urr ent with the hand or a few f i bers of wool were 
held in front of the opening of the catheter and the move -
ment of the fib ers with each inspiration or expiration was 
noticed . The catheter then was fixed to t he uppe r jaw with 
adhe sive tape . 
There was no need for the use of an endoscope t o provide 
vis ion nor was there any need to hold the epiglottis with a 
forceps t o facilitate the intubation of t he trachea . 
The second group of five animal s was anesthetised by a 
combination of an ataractic drug and a local anesthetic . Pro-
mazine hydrochl oride1 was used at a rat e of 1 . 1 mg . per kg . 
body weight administered intrave nously while t he animal was 
prepared for surgery . 
Two percent Xylocainc hydrochloride2 was used as a l ocal 
anesthetic . The agent was infi l t rated subc utaneously in an 
1spar ine : Wyeth Laboratories , Philade l phia Penns yl vania . 
2Xyl ocaine Hydrochl oride : Jensen- Sal sbery Laboratories, 
Kansas City , Missouri . 
16 
inverted L pattern , starting from the crani al a ngle of the 
flank t r iangl e and a l ong the caudal margin of the costal 
arch toward the xyphoid cartilage . Then a ten cm. l ong 
horizontal line parallel to the l ateral processes of the 
l umbar vertebrae was infi l trated to estab l is h the desir ed 
l ocal anesthesia in the site of the laparotomy i nc i s ion . 
4 . Preoperative procedures 
To fac i l itate operative procedure s in the abdomi nal 
cavi ty of sheep , it was necessary to starve the animal s at 
l east for two days p r ior to surgery . Taking the a nimal s 
off feed reduced the size of the abdominal contents con-
, s iderabl y , which allowed a good exposure of t he deep 
structures in the abdominal cavity . Water was avai l abl e 
at all times to animal s awai ting surgery . 
Preoperative preparation of the surgical site c onsisted 
of clipping the wool from the right thoracoabdominal region 
with an electrical c l ipper with a number 40 clipper b l ade . 
The ventral aspect of the neck was also clipped to expose 
the site of the jugul ar veins for i ntravenous injections as 
we l l as collection of b l ood sampl e s . 
The a nimal was p l aced on t he operating tab l e i n l eft 
l ateral recumbency . The site of operation was scrubbed three 
times thoroug hl y wi th soap which was r emoved with a stream 
of water after each scrub . 'l'he area was dried with sterile 




later, the area was painted with 1:1000 Tincture of 
1 
Merthiolate . 
The surgical field was draped with sterile cloth 
drapes ) leaving a sufficient opening t o expose the operative 
field . The drapes were fixed with towel clamps . Aseptic 
technique was practiced during the entire surgical operation. 
5 . Anatomical considerations 
The choice of surgical approach was governed by the 
need for good exposure of the bile duct. The sheep has a 
l arge rumen which occupies a considerable portion of the 
abdominal cavity making transperitoneal operations uncom-
fortable for the surgeon . The paramedian or f l ank laparotomy 
approach to bile duct sur~ery does not give good exposure 
for surg~cal manipulations . Therefore, the best approach was 
found to be at a line three cm . parallel to the right costal 
arch extending seven cm. from the xyphold cartilage 
dorsal ly for about 20 cm. (Figures 2 and 3). The common 
bile duct in the sheep is formed from the union of the 
hepatic and cystic ducts, it is about nine cm . l ong and 0 .4 cm. 
in diameter . The pancreatic duct opens into the bile duct 
three ems. caudad to the above mentioned union . I t runs 
parallel with the duodenum fo r about one cm . before it 
opens into the pap~ lla of Vater . 
1corve l , Inc . , 1124 Harney Street , Omaha, Nebraska . 
Figure 2 . The skin incision was made paralle l to the 
costal arch, t o which the scalpel is point ing 
Figure 3 . The cos tal arch was marked to orient the site 
of skin i ncision 
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6 . Operative technique 
A 20 cm. long skin incision was made three cm. parallel 
to the right costal arch. The external and internal oblique 
abdominal muscles were incised and the transverse abdominal 
muscle was separated along its muscular fibers . The peri-
toneum was then incised and the abdominal cavity exposed . 
The abdomi nal viscera were inspected for any abnor-
malities . In cases of distended rumen, a sterile 12 gauge 
needle to which a one meter long plastic tube attached was 
used to evacuate the accumulated ~ases in the rumen. A 
purse - string suture was placed around the puncture of the 
needl e i n the rumen to prevent leakage of ruminal contents 
and contamination of the operative area . The bile duct 
was located and ident ified (Figure 4), the viscera adjacent 
to the liver, namely the duodenum, abomasum and rumen were 
retracted and packed with a sterile towel which was soaked 
in warm sterile physiological saline . An assistant gently 
retracted t he l iver and the viscera allowing a good exposure 
of the bil e duct -and gall-bladder . The appearance of both 
structures were noted followed by careful palpation to 
determine the contents and differentiate it from the portal 
vein . The gal l-bladder was massaged gent l y and the bile 
flow was noted in the bile duct . 
A stay suture was passed around the common bile duct 
between the junction of the cystic and hepatic ducts and the 
Figure 4. A general view of the structures related to 
the common bil e duc t as it is seen through 
the l aparotomy incision 
22 
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pancreatic duc t which helped i n holding the duct whic h is 
situated r e l ative l y deep in the abdominal cavity from this 
particular approach . A small longitudina l s l it was made in 
the common bile duct, a f l ap of the wall was he ld by a 
forceps to facilitate the insertion of the perforated end 
of the polyvinyl tube which was passed towards the origin 
of the duct . Number 000 b l ack braided surgical s i lk1 
was used to fix the tube i n the bi l e duct, a l igature passed 
through the wall s of the b i l e duct and t he tube t o hold 
t he l atter i n position . Two more l igatures we r e passed 
around the bil e duct distal to the first l iga ture to pre -
vent l eakage of bi l e into the peritoneal cav ity . The b i le 
f low through the tube was noted . The second tube was passed 
i nto t he common bile duct in a n opposite d i rection and fixed 
in place i n the same manne r (Figur e 5). 
Physiolog ical saline was i nj ec ted i nto the second tube 
and the flow of sal i ne was noticed i n the c ommon bile duct 
running towards the duodenum. 
Two stab i ncisions were made i n the middl e of the right 
f l ank triangl e four centimeters apart and the adapter ends 
of the tubes were exteriorized through the abdominal wall . 
The tubes we r e he l d in clos e contact to the abdominal wall 
internally by a fe w sutures p l aced through the peritoneum 
and abdominal musc l es and around the tubes, thus, interference 
1Ethicon, Inc ., Semerville, New Jersey . 
. . 
Figure 5 . The polyvinyl tubes are placed i nto the common 
bile duct each in an opposite direction. The 
tubes are anchored to the peritoneal surfac e 
of the abdomen and the connector heads are 
fixed to the skin. The exteriorized portions 
are connected wi th a polyvinyl tube 
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of abdominal viscera with tubes was minimized . 
The steri l e towe l used to pack the abdominal vi sce ra 
was removed . The l aparotomy incision was closed in the 
f ollowing manner : Continuous suturi ng of the peritoneum 
and transverse abdominis muscle with number one catgut . 
The ob l ique abdominal muscles and the subcutaneous fas cia 
we re closed with a second row of continuous sutures. The 
s kin incision was c losed by a continuous interlocking 
suture us i ng Vetafil
1 
The tube s penetrating the abdominal 
wall in the r ight flank r egion ca~ried a four c ent i me ter 
long rigid adaptor which pr events occlusion of the tubes , 
meanwhile, the thr ee rings at the end of the t ube served 
as a device to give a more accurate hold to the purse-
string suture us ed i n the skin around t he tubes . Both 
ends were c hecked again carefully by aspiration of bi l e from 
the first tube and injection of physiological saline into 
the second tube . The n both tubes we r e connected with a 
seven centimeter long plastic tube to allow normal bile 
circulation (Figure 6). 
The animal was removed from the table and a many- tailed 
bandage was appl ied to protect the operative site . 
Postoperative care of the animal s consisted of dai l y 
1vetafil: Bengen, Bengen and Co ., GmbH., 8-12 Dreyer 
Street , Hanover, West Germany . 
Figure 6 . Collection of bile samples from the sheep . The syringe is 




checking of bod y temperature and general condition of 
heal th . The bile flow was checked several times daily by 
removing the connection tube and aspiration of bile with a 
steril e syri nge and i n jecting it into the second tube . 
B . Chemical Procedur es · 
1 . General procedures 
The biliary fistulas which were establ ished in ten 
sheep were uti l ized in a study of the excretion of carbon 
tetrachl oride i n bil e . After surgery each sheep was fed 
a concentrate ration for four days and when each recovered 
from the stress of the surgery the experiment was started. 
To the first six sheep t wo ml . of carbon tetrachloride 
(A. R. grade ) was administered in a ge l atine capsul e ora,lly. 
(Two ml. i s twice the standard dose used for the treatment 
of fascioliasis in sheep.) Bi l e samples were collected 
before administration of carbon tetrachl oride to be us ed as 
control s then more samples were collected at 1, 2 , 4 , 8 , 
16 and 32 hour intervals. The sampl es were collected with 
separate steril e syringes into steri l e ten milliliter rubber 
stoppered test tubes . The quantity of bi l e collected at 
each time ranged between 2 . 5 ml. and seven ml. To prevent 
evaporation of carbon tetrachloride from the samples air 
was injected into each tube to create a positive pressure 
and minimize evaporation . The samples were immediate l y 
refrigerated . At i ntervals of four hours a spectrophotometric 
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determination of carbon tetrachl oride was done on the b i l e 
samp l es . 
The l as t sheep from the first g roup and five sheep 
from the second group we re admini s tered t e n ml . carbon 
t etrac hl oride by an i ntraruminal i njection . The same pro-
cedure s in collecting and hand l i ng of b i le samp l es were 
employed . 
2. Procedure and technique 
The method described by Kondos and McClymont (1959 ) 
was adopted for the detection of carbon tetrachl oride in 
bil e . An appropriate calibration gr aph was prepared by 
addi ng known quantities of carb on tet r achlori de t o bi l e and 
analyzing the s olution for the detection of carbon tetra-
chloride , a range of 10-150 ug . pe r ml . was obtained . 
Reagents : (1) Acetone - A. R. 
(2) Pyridine - A. R. 
(3) 20% W/ V sodium hydroxide 
(4) Absolute ethanol 
To 3 . 0 ml . of bile i n a 15 ml . test tube 7 . 0 ml. of 
acetone was added , stoppered a nd s haken . The sample was 
ce ntrifuged for five minutes (between 2000- 5000 r .p .m. 12 cm . 
radius) whi l e 7 . 0 ml. of pyridine was pipetted i n to a test 
tube . Two ml . of the clear centrifuged sup_ernate n t fluid 
was added to the pyridine and mixed . Then 3 .5 ml . of 20% 
W/ V sodium hydroxide was added and ge nt l y shaken . The test 
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tube was stoppered and heated in a boiling water bath for 
exactly two and one - half minutes . The test tube was cooled 
in tap water for two minutes . 
Five milliliter s of pyridine layer was transferred 
immediately into another test tube. To remove turbidity 
1 .5 ml . of absolute ethanol was added, shaken and the color 
intensity was measured at 535 millimicrons with a spectro-
photometer1. 
In positive cases the pyridine reacts with chlorinated 
hydrocarbons in an a l kal ine media and gives a light red color 
which can be measured colorimetrically . 
1 Spectronic 20 colorimeter . Bausch and Lomb Optical 
Company, Rochester, New York . 
" 
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IV . DISCUSSION 
The mechanism of action of medicines used in the treat-
ment of f ascioliasis of sheep is one of the l east inves -
tigated facets of this condition . The need for further 
information in this regard stimulated the author to develop 
a simple method for the surgical exteriorization of the bile 
duct. 
The emphasis was on the use of material s readily 
available and simple surgical procedures which could be 
performed to establish the desired biliary fistula. 
Pentobarbital sodium has been used as a general 
anesthetic agent in sheep in operative procedures invol ving 
the extrahepatic biliary system (Pahneuf 1957 and 1961, 
Taylor 1960 , and Harrison 1962 ) . 
In ruminants a few precautionary measures should be 
taken whe n using a general anesthetic in order to minimize 
regurgitation and asphyxia. Sheep should be fasted 48 hours 
prior to pentobarbital sodium administration and given atro-
pine at the time of surgery to r educe salivation and 
bronchial secretions. 
Endotracheal catheters are recommended by Borri e and 
Mitchell (1960) to prevent aspiration of saliva or regurgi -
tated ingesta . The endotracheal catheter is also helpful in 
cases where oxygen is needed . This method of induction of 
general anesthesia was used on five sheep with good results. 
__ .,. .. mu.··- ·su.e•1&aw .... ..,-_, .. w-_.., •..,.,,.. • .., •• ...,  Hl'lliillm=-,_ ..... ...,nom• .. ·1111x-w~--·..i·· .. ·t.u•RMY-=111!fiu0~tea.·e11111111ii¥Ji.111•.._ __ Dllllll•cw.~· ,,...__,..__ ..... _..,.w_ .. llMiii*oilll-..~~lllU 
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The combination of an ataractic and a l ocal anesthetic 
agent was used on the second group of five sheep . This 
combination gave very satisfactory anesthesia ) there were 
no signs of pain or discomfort i n animal s treated with this 
method. Onl y very slight sensation to pain was noticed 
whe n excessive tract i on was appl ied to organs during retrac · 
tion . The advantage of this method was that the a nimal s 
were very acti ve a nd a l ert as soon as the surgery was com· 
p l eted and there was no need for the intubation of the 
trachea . 
Having not eaten for 48 hours , a n excelle nt appetite 
was noticed in these animal s as soon as they were back in 
the pens . 
The l aparotomy approach in intra- abdominal surgery is 
governed by the anatomical locations of the organs invol ved . 
In hepatic or extrahepatic biliary system surgery , the best 
approach is a paracostal one (Gl enn) 1965 ) . In the sheep 
the l iver, abomasum, c olon and a portion of the r umen occupy 
the r ight cranial quadrate of the abdominal cavity . The 
size and contents of t he abomas um and the rumen interfere 
to a great extent with the operative proced ures i n the 
abdominal cavity. 
Tayl or (1960) recommended a ruminal fistula to be done 
a fe w days prior to the main surgery for the collection of 
pancreatic juice in the sheep . The fistula ~as used to 
evacuate the rumi nal contents which were stored i n a warm 
... 
place and returned to the rumen after surgery . 
Rume notomy or ruminal fistul a was not necessary i n 
this study. Fasting the sheep for 48 hours prior to 
surgery reduced the contents of' the rumen and abomas um con-
s iderably . The excessive amounts of ruminal gases were 
evacuated by a 12 gauge needle attached to a plastic 
tube (Moore et al . , 1954 ). To prevent any possible con-
tamination a purse - string suture was used on the rumen 
and around the puncture of the needle prior to the insertion 
of the l atter . 
By adopting this method there was no need for an extra 
surgical procedure which would cause further stress on t he 
animals health . Fasti ng has also a favorable effect on 
decreasing regurgitation which minimizes possibilities of 
asphyxia during general anesthesia. 
The portal vein is very close to the common bile duct 
in the portal fissure and should be carefully considered and 
protected from any unnecessary trauma. The origin of the 
common bile duct in the abdominal cavity is deeply seated 
when the animal is in left side recumbe ncy . Proper and 
sufficient retraction of the liver, abomasum and the small 
intestine are required to provide vision of the field and 
space for the operative manipulations . 
A small branch of the hepat ic artery accompanies the 
common bile duct and should be a voided while making the 
longi tudenal s l it incision in the duct for the insertion 
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of the tubes. Considerable hemorrhage was noticed when the 
duct was transvers l y sectioned which obscured the operative 
field . 
The terminal portion of the common bile duct is readily 
accessible, thus, if the pancreatic juice or a mixture with 
the bile are needed it can be more easily obtained . 
The anatomical l ocation of the common bile duct in the 
abdominal cavity is c l ose to the right flank region , 
therefore two 25 cm . l ong pol yvinyl tubes were sufficient 
to exteriorize the bil e flow . The l ength of the tubes gave 
flexibility to move a l ong with the natural movements of the 
abdominal viscera. The solid connector heads of the second 
end prevented collapse of the tubes due to muscul ar contrac -
tions or postoperative scar tissue . 
The interior diameter of the sol id connector pieces were 
suitable for the attachment of a syringe .to aspirate bi l e 
samples whe never needed . The seven centimeter long plastic 
tube was a conveni ent device to connect the two ends of the 
exteriorized tubes to continue the circulation of bile . 
Gentle aspiration of bil e samples prevented irritation 
to the l umen of the bile duct, otherwise flakes of ce lls and 
debris were observed in the bile . Obstruction of the tubes 
was also found to be due to the deposition of bile sediment . 
The thickness of the tubes and their tensile stre ngth were 
sufficient to overcome k i nking . 
I n one sheep the tubes were pulled out three weeks after 
surgery . During four weeks of observation t he animal was in 
good condition and no sign of sickne s s or obs tructive 
jaundice was noticed . This was an indication of self 
reconstruction of the common bil e duct to fulfill its natural 
function . The ani mal was euthanised and on necropsy the gall -
bladder was atrophied a nd coll apsed. The common bile duct 
at i ts proximal hal f was extremely enlarged and its diameter 
was about 20 mm . The wall of the duct was thickened and 
f ib rosed . 
The findings i n this sheep indicate that even if the 
tubes pull out or become obstructed, the animal can survive 
by reconstruction of a fistul us tract whic h could function 
as a normal common bile duct . 
The interior diameter of the tubes used in es t ablishment 
of the biliary fistulas were about 2 . 5 mm, whi l e the corres -
ponding diameter of the common bi l e duct is about four 
millimeters . When this size tube was used it was be l ieved 
that the difference between the two diameters coul d not 
cause significant changes in bile f l ow . Eventually , in three 
sheep hypertrophy of the gall-bladder and bi l e stasis in the 
l iver were obse rved . As far as the collection of bile 
samples were concerned no difficulties we re encountered. A 
larger size tube in this regard mig ht have g iven better 
bile f l ow and the pathologic change s in the related organs 
might have been l ess severe . 
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T- tubes are very convenient to drain bile from the 
common bile duc t, they can be removed after a considerable 
length of time . The special T-tube designed by John 
Baldwin et al . ( 1966) is an ideal tube for such studies 
r elative to bile or biliary system . The i nflatable balloon 
on the distal short limb of the T has a dual purpose . From 
one side it occludes the space between t he tube and the 
common bile duct while from the other side it closes the 
valves inside the T-tube to prevent seepage or back flow 
of bile . 
At the time this study was commenced such T- tubes 
were not available, otherwise this tube could have replaced the 
two tubes employed in the exteriorization of the bile flow . 
Simplicity was intended in this study in regard of 
material s and methods used in the establishment of a 
biliary fistula. The plastic tubes used are availab l e 
from any hospital supply agency, they can be utilized for 
various short term experi~ental studies on the biliary 
or the pancreatic secretions . 
Daily checking of the tubes for patency, aspiration of 
bile with a sterile syringe and rei njection of bile back 
i nto the second tube can maintain a continuous bile flow 
for at l east three weeks, which is sufficient for any short 
term study . 
A bile sample was collected pri or to the ·administration 
of carbon tetrachloride to be used as a blank control in 
the chemical analysis (Kondos and McClymont , 1959) . 
Separate dry sterile syringes were used to collect subsequent 
samples of bile at 1 , 2, 4 , 8, 16, and 32 hour intervals . 
The samples were immediately transferred to stoppered test 
tubes to minimize pos~ibilities of air contact as much as 
possible . 
Tikhonov and Ayunov (1964) reported that the amount 
of bile secretion decreased after the intramuscular injection 
of carbon tetrachloride. The secretion decreased f or five 
hours , the maximum being at three hours post administration . 
Their findings were noticed in this study also , the bil e 
samples obtained during the first four hours decreased con-
siderably, the minimum being two and one - hal f milliliters . 
The maximum was about seven milliliters . 
The bile samples being not sufficient to fi l l the test 
tubes, a simple physical theory was employed to overcome 
this difficulty . Air was injec ted into the tube under 
pressure to reduce evaporation. 
According to Powe l l (1945) the distribution coefficient 
(which is the ratio between the concentration of the sub-
stance in the liquid and concentration in t he gas) of carbon 
tetrachloride is twice higher in 20° C. than it is in 37° C. in 
blood . Therefore , bile samples were refrigerated immediately 
to decrease any evaporation and escape of carbon tetrachl oride . 
When detecting carbon tetrachloride in blood samples 
that had been refrigerated and stored overnig ht , six to 
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eight percent l ower results were reported by Kondos and 
McClymont (1959) . The bile samples obtained from sheep 
were anal yzed within a maximum time of four hours , to 
decrease errors in the detection of carbon tetrachl oride 
( Tp,bl'e 1) . 
Sheep number two died seven hours after an oral adminis -
tration of two mill i liters of carbon tetrachloride . On 
necropsy , nutmeg liver , bile stasis in the liver, hyper-
trophy of the gall- bladder and adhesions of the omentum 
to the common bil e duct were noticed . Sections from the 
liver and kidneys were preserved in ten percent formal i n 
for histopathologic study, which revealed heavy accumulation 
of bile in hepatic cells, particularl y in the centrilobular 
areas; individual cellular necrosis of hepatic cells with 
early accumulation of neutrophils was also prominent in this 
area . Mil d mixed inflammatory cell accumulation in the portal 
triads was also observed . The kidneys showed toxic tubular 
nephrosis . Many calcified casts in medullary coll ecting ducts 
were also noticed. 
The necropsy and histopathologic fi ndings in this sheep 
are characteristic of carbon tetrachloride poisoning 
(Woods 1946 , Smith and Jones 1961, Ford and Lawrence 1965 ). 
The normal dosage of carbon tetrachl oride as an anthel-
mentic in sheep ranges between four and ten millil iters, 
one milliliter is used in the treatment of fascioliasis 
L. 
Table 1 . Administration of carbon tetrachloride to sheep and anaiysls of bile 
samples for carbon tetrachloride 
Days between ml . carbon ml . carbon Carbon tetra-
surgery and tetrachl oride tetrachloride Number of chloride detected 
Sheep administration (orall (intraruminal} bile sam12lesa in bile 
1 5 2 5b 0 
2 5 2 4 0 
3 6 2 6 0 
L~ 4 2 5 0 
5 5 2C 10 7 0 
6 5 2c 10 7 0 
7 5 10 6 0 
8 7 10 7 0 
9 6 10 7 0 
10 6 10 7 0 
8i311e sample # 1 obtained before administration of carbon tetrac hloride . Samp l e 
numbers 2: 3, 4, 5 , 6 . and 7 were obtained after 1, 2, 4, 8, 16 , and 32 hours 
after administration . 
bSheep d i ed seven hours after administration . 
c one ':leek late r administered ten ml . of carbon tetrachloride by the intra-




(Jones, 1962) . 
There are great variations in susceptibility of sheep 
to carbon tetrachloride poisoning . Setchell (1962 ) reported 
a nine per cent mortality in 123,113 sheep treated with 
one and two milliliters of carbon tetrachloride mixed with 
four and three milliliters of liquid paraffin which were 
administered orall y . Three milliliters were also used intra-
muscularly . Gallagher et a l. (1962) studied the susceptibility 
of sheep to carbon tetrachloride toxicity under different ex-
perimental conditions. Fifty milliliters of the agent were 
administered to 49 adult sheep, and the authors reported a 
mortality rate ranging between 25 and 100 per cent. 
One sheep out of ten used in this experiment died with 
carbon tetrachloride toxicity which limited t he use of 
larger doses . Sheep number nine was very weak after 48 
hours from the administration of ten milliliters of carbon 
t etrachloride . The a n imal was euthanized and on necropsy 
hypertrophy of the gall-bladder and bil e s tasis in the liver 
was obs e rved. The histopat hological examination of the liver 
re vealed moderate accumulation of inflammatory cells i n the 
portal triads; marked cont;es tion and foci of neutrophils were 
s een around some bile ducts . The gall- bladde r showed chronic 
cholec ystitis which was characterized by multiple foci of 
l ymphocyte s and hyperemi a in the l amina propria. The 
characteristic lesions of carbon tetrachlori de poisonin~ 
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were not c l ear in this c ase . The cause of the chronic 
cholecystitis is probably due to contaminati on dur i ng 
collection of bile samples . 
Adhesions of t he omentum to the common bile duct a t 
the site of insertion of the tubes were a constant f i nding 
on necropsy of all animals . In two c a ses proliferations 
from the omentuQ surrounded the tubes . This indicated 
that the polyv inyl tubes used had a mild irritant effect on 
the tissues . 
The death of one sheep with two milliliters of carbon 
tetrachlori de d iscouraged the us e of higher doses than ten 
millil iters . 
Trials to determine the presence of carbon tetrachloride 
in the b i l e samples with the method described in the chemic a l 
procedures in both groups of sheep administer ed two and ten 
mi lliliters of the agent ~ave negative results . This me ans 
t hat either carbon tetr achlor ide is not exc r eted in the bile 
i n a detectable l evel when administered ten milliliters 
intraruminally or two mill i l iters orally, or the amount 
admin istered was distributed in the various t issues of t he 
body , and what reached the l iver was acted upon the hepatic 
cells as a direct fat solvent agent . Thus the l ive r was 
n ot able to d etoxify or excrete carbon tetrachloride i n the 
bile . 
A qual i tative detection of carbon tetrachl orid e was used 
on b l ood samples obtained from two sheep i n the second g roup 
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which had r eceived ten millil iters of the agent via the 
intraruminal route , and the resul ts in both cases were 
positive . The le vels of carbon tetrachl oride had been 
studied by Kondos and McClymont (1961 ), therefore, r epetition 




V. CONCLUSIONS AND SUMMARY 
1. Surgical exteriorization of the bile flow by a 
controlled b i l iary fistul a was accomplished on ten sheep . 
Two polyvinyl tubes (2 .5 mm . i n diameter and 25 c m. in 
l ength) were introduced into the common bile duct between 
its origin and the entrance of the pancreatic d uct . The 
s ec ond e nd of the tubes were passed through the abdominal 
wall and fixed to the skin . The ends were connected wi th 
another piece of polyvinyl tubing to allow bi l e circulation. 
2 . No r uminal fistula was r equired prior to the major 
surgery on the common bile duct . Fasting the animals for 
48 hours faci litated surgery by r educing the size of the 
r umen and abomasum. 
3 , The use of a combination of an a tarac tic and a l ocal 
anesthetic agent gave satisfactory anesthesia, the animals 
we r e a l ert a nd very active soon after surgery . 
4. The right paracostal approach to the l aparotomy 
incision was ve r y suitab l e for the exposure of the common 
bile duct . 
5 . Collection of bi l e sampl es was ac hieved by aspiration 
wi th a syrinee . 
6 . The biliary fi0tula could be utilized for physiolo-
gical and pharmacol o;ical studies relative to the bi l e and 
l iver . 
7 . Carbon tetrachloride was adrnini~tered to two groups 
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of animals , two mill i l i te rs oral ly to the first group and 
te n milliliters intraruminall y t o the second group . Bil e 
samples were coll ected a t regular intervals, and analyzed 
within four hours to determine the presence of carbon 
tet rachl oride by the method described by Kondos and 
McCl ymont (1959 ) . 
8 . The anal ytical resul ts i n all bile sampl es were 
negative for carbon tetrachloride . This is an indication 
that either carbon tetrachloride is not excreted in the bil e 
of sheep in a significant l evel to . be detected, or the l iver 
holds it temporari l y and re l eases it into the b l ood circul a -
tion rather than the bil e . 
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